Sorption of Rhodamine B by Cedar Cone: Effect of Ph and Ionic Strength  by Zamouche, Meriem & Hamdaoui, Oualid
 Energy Procedia  18 ( 2012 )  1228 – 1239 
1876-6102 © 2012 Published by Elsevier Ltd. Selection and/or peer review under responsibility of The TerraGreen Society.
doi: 10.1016/j.egypro.2012.05.138 
Sorption of Rhodamine B by cedar cone: effect of pH and 
ionic strength  
Meriem Zamouche *, Oualid Hamdaoui  
Laboratory of Environmental Engineering, Department of Process Engineering, Faculty of Engineering, University of Annaba, P.O. 
Box 12, 23000 Annaba, Algeria 
  
Abstract 
A new, low-cost, available sorbent, cedar cone (CC), was tested for its ability to remove basic dye 
Rhodamine B (RhB) from aqueous solutions. Sorption kinetics of RhB from aqueous solution on CC 
were studied in a batch process. In order to understand the mechanisms of RhB sorption by CC, the 
models of Weber and Morris and Boyd were applied. It was found that For the intraparticle diffusion 
model the sorption of RhB by the CC is divided into three stages: (i) the  instantaneous  sorption or 
external  surface sorption,  (ii) the gradual sorption  stage where  intraparticle diffusion  is  the  rate  
limiting and (iii) the  final  equilibrium stage where intraparticle diffusion  starts  to  slow down due  to  
the extremely low sorbate concentrations left in the solutions. The effects of operating conditions such as 
ionic strength, contact time and solution pH were studied. The results obtained show the ability of cedar 
cone for the elimination of RhB in aqueous solution. The ionic strength has no effect on the kinetics of 
sorption. The maximum sorption (4.55 mg g-1) was obtained at pH equal to 3. The contact time was 
estimated for 360 min. The sorption isotherms of RhB by the CC at different temperatures were studied. It 
was found that the isotherms showed the shape of type L, which means that there is no strong competition 
between the solvent and sorbate to occupy the sorption sites. 
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1. Introduction  
Water, whether fresh; salted; rain; surface or underground-water may be contaminated with materials 
that make it harmful. Polluted water is the cause of various diseases that can seriously affect public health. 
Human are not the only one to suffer the consequences of water pollution, fauna and flora are also 
victims. Toxic substances contained in polluted water can be stored in grown plants whose the 
consumption later can cause digestive diseases, liver and kidney damage. Marine pollution is the source of 
the degradation of the aquatic flora and fauna. The harmful substances in the wastes that flows directly 
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into the seas are more or less absorbed by marine organisms. Many plant and animal species are already 
extinct and while others are endangered. 
The fight against water pollution is not always obvious because of the variety of contaminants. In the 
last decade, particular attention was paid to the treatment of dyes in liquid effluents, which are generally 
generated from the textile industry. The reports are alarming; 10-20% of dyes coming from this sector are 
diversed in waste-water [1]. 
Cationic dyes are widely used in the dyeing process, but 20-40% of them remain in the effluent [2].  
7KHDFLGG\HVDUHYHU\VROXEOHLQZDWHUIRUWKLVUHDVRQLW¶VYHU\GLIILFXOWWRHOLPLQDWHWKHPIURPZDVWH-
water [3]. The basic dyes are the brightest class of soluble dyes used by the textile industry, but their 
tinctorial value is very high [4]. 
In addition to their use in the dyeing of various products, such as Rhodamine B dye are widely used in 
the paper industry, cosmetics, food and biomedical laboratories [4]. A high concentration of the dye leads 
to high toxicity and low transparency to light. 
Conventional methods of treatment such as coagulation-flocculation treatment are able to eliminate 
only a portion of the dyes present in waste-water, while the most is released to the environment [1]. 
Research focused on low-cost treating, such as adsorption. Adsorption is a process that provides an 
attractive alternative for removal of dye from aqueous solutions, which was tested in this work for the 
removal of Rhodamine B by a forest waste: cedar cones. 
 
Nomenclature 
 
Bt  mathematical function of F  
C final dye concentration at any time t (mg L-1)  
Cd  intercept (mg g-1RIWKHLQWUDSDUWLFDOHPRGHO¶V 
Ce equilibrium concentration of the dye (mg L-1) 
C0  initial dye concentration (mg L-1) 
F the fractional attainment of equilibrium of solute sorbed, at different times t 
h initial sorption rate (mg g-1 min-1) 
Kd The intraparticale diffusion rate constant (mg g-1 min-1/2) 
q amount of dye sorbed at any time t (mg g-1) 
qe amount of dye sorbed at equilibrium (mg g-1) 
r2 coefficient of determination  
t time (min) 
T solution temperature (K, °C) 
V volume of solution (L) 
W sorbent weight (g) 
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2. Materials and methods 
2.1. Sorbent  
Cedar cone (CC) (Cedrus atlantica Manetti) used in the present study was collected from the forest of 
Chelia, Khenchela, Algeria. The collected cones were washed with distilled water several times to remove 
dirt particles and water soluble materials. Then it was oven dried at 50 °C for 3 days. The dried cones 
were ground and sieved to obtain a particle size range of 0.5±1.25 mm. The obtained material was washed 
repeatedly with distilled water (conductivity 2.2 μS cmí1 and pH 5) until the wash water contained no 
color. Finally, the obtained material was then dried in an air circulating oven at 50 °C for 3 days and 
stored in a desiccator until use. 
2.2. Sorbate and chemicals 
Rhodamine B (abbreviation: RhB; C.I. Basic Violet 10; C.I. number: 45170; chemical class: xanthene; 
molecular formula: C28H31N2O3Cl) was procured from Sigma-Aldrich. Rhodamine B (molecular weight: 
479.01 g mol-1); IUPAC Name N-[9-(ortho-carboxyphenyl)-6-(diethylamino)-3H-xanthen-3-ylidene] 
diethyl ammonium chloride, which is a highly water soluble, was used as a model solute. The molecular 
structure of RhB was shown in Fig.1. RhB solutions were prepared by dissolving requisite amount of the 
dye in distillated water (conductivity 2.2 μS cmí1 and pH 5) before each experiment. All other reagents 
used were of analytical grade. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Chemical structure of Rhodamine B (basic violet 10). 
2.3. Kinetic studies 
The initial concentration of dye solution was 50 mg L-1 for all experiments. For kinetic studies, the 
batch technique was used because of its simplicity. For dye removal kinetic experiments, 2.0 g of sorbent 
was contacted with 200 mL RhB solutions in a sealed flask of 400 mL agitated vigorously by a mechanic 
stirrer using a water bath maintained at a constant temperature of 25 °C. Agitation was provided for 8 h 
contact time which is sufficient to reach equilibrium with a constant agitation speed of 300 rpm. The 
stirring speed was kept constant at 300 rpm. At predetermined intervals of time, samples of the mixture 
was withdrawn at suitable time intervals, and analyzed for the final concentration of RhB by using a UV±
vis spectrophotometer (Shimadzu mini 1240) set at a wavelength of 554 nm, maximum absorbance.  
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The dye uptake qe (mg g-1), was determined as follows:  
 
ୣ ൌ
ሺେబିେ౛ሻ୚
୛
     (1) 
 
where C0 and C are the initial and final dye concentrations (mg L-1), respectively, V is the volume of 
solution (L), and W is the sorbent weight (g).  
The influence of various parameters such as contact time, ionic strength and solution pH on the kinetics 
of RhB sorption was studied. To study the effect of solution pH on RhB sorption, 2 g of sorbent was 
agitated with 200 mL of RhB solution of dye concentration 50 mg L-1 at 25 °C. The experiment was 
conducted at different pH values ranging from 2 to 12. The solution pH was adjusted using 0.1 N HCl or 
NaOH aqueous solutions. The influence of ionic strength (salt concentration) on the removal of RhB by 
CC was investigated over the sodium sulfate concentrations ranging from 0 to 3000 mg L-1. 
All the experiments were carried out in duplicate and the mean values are presented. 
 
2.4. Equilibrium studies 
For isotherm studies, sorption experiments were carried out by adding a fixed amount of CC (2 g) into 
a number of 400 mL sealed glass flasks containing a definite volume (200 mL in each case) of different 
initial concentrations (25±400 mg L-1) of RhB solution without changing pH. The flasks were placed in a 
thermostatic water bath in order to maintain a constant temperature (25, 35, 45 or 55 °C) and stirring was 
provided at 300 rpm for 8 h to ensure equilibrium was reached. Samples of solutions were analyzed for 
the remaining RhB concentration by using a UV±vis spectrophotometer (Shimadzu mini 1240) set at a 
wavelength of 554 nm, maximum absorbance.  
All experiments were conducted in duplicate and the mean values were reported.  
3. Results and discussion  
3.1. Sorption isotherm 
The sorption isotherms of RhB on CC are shown in Fig.2. The obtained results show a better sorption 
of RhB on CC. Isotherms showed the shape of type L according to the classification of Giles et al. [5]. 
The L or Langmuir shape of the isotherms means that there is no strong competition between the solvent 
and the sorbate to occupy the sorbent sites. In this case, the longitudinal axes of the adsorbed molecules 
are parallel to the adsorbent surface [5]. 
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Fig.2. Sorption isotherms of Rhodamine B blue by CC. 
3.2. Effect of operating conditions 
3.2.1. Effect of contact time 
The effect of contact time on the sorption of RhB was studied for an initial dye concentration of 50 mg 
LѸ1, a sorbent mass of 2.0 g, a solution volume of 200 mL, a stirring speed of 300 rpm, and a temperature 
of 25 ۬C. The effect of contact time on the removal of dye by the CC is shown in Fig.3. It can be 
observed that the dye uptake increased with time and, at some point in time, reached a constant value 
where no more dye was removed from the solution. At this point, the amount of dye being sorbed onto the 
sorbent was in a state of dynamic equilibrium with the amount of dye desorbed from the sorbent. The 
time required to attain this state of equilibrium was termed the equilibrium time and the amount of dye 
sorbed at the equilibrium time reflected the maximum dye adsorption capacity of the sorbent under these 
particular conditions. The contact time necessary to reach equilibrium is about 330 min. The rapid 
sorption observed during the first 90 min is probably due to the abundant availability of active sites on the 
CC surface, and with the gradual occupancy of these sites, the sorption becomes less efficient (it becomes 
slower near equilibrium). 
 
 
 
 
 
 
 
Fig. 3. Sorption kinetics of  RhB by CC  (C0 = (50 mg L-1); sorbent dosage = 2g (200 mL)-1; stirring speed = 300 rpm, T = 
25 °C). 
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3.2.1.1. Sorption mechanism 
The adsorption of dye bye solid in aqueous solutions is a phenomenon whose kinetics is often complex. 
The sorption rate is strongly influenced by several parameters. The sorption data for the amount of dye 
sorbed at equilibrium for different initial dye concentrations for a sorbent dose of 2 g, temperature 25 ۬C 
and stirring speed at 300, as a function of contact time is illustrates in Fig.4, it was observed that the 
amount of RhB adsorbed at equilibrium (qe) increased from 2.28 to 18.26 mg g-1 as the initial 
concentration was increased from 25 to 400 mg L-1. This is a result of the increase in the driving force the 
concentration gradient, as an increase in the initial dye concentrations, because the resistance to the dye 
uptake decreased as the mass transfer driving force increased.  
The kinetic of dye biosorption by the cedar cones were analyzed using the Webber and Morris and 
Boyd equation. 
 
  
 
 
 
 
 
 
 
 
 
 
Fig.4. Evolution of the CC sorption capacity at equilibrium depending on the initial concentration of RhB. 
(C0 = (25-400 mg L-1); sorbent dosage = 2g (200 mL)-1; contact time = 8 h; stirring speed = 300 rpm, T = 25 °C). 
In order to gain insight into the mechanisms and rate controlling steps affecting the kinetics of 
VRUSWLRQWKHNLQHWLFH[SHULPHQWDOUHVXOWVZHUHILWWHGWRWKH:HEHU¶VLQWUDSDUWLFOHdiffusion [6].The kinetic 
results were analyzed by the intraparticle diffusion model to elucidate the diffusion mechanism, which 
model is expressed as: 
 ൌ ୢ
ଵ
ଶൗ ൅ ୢ  (2) 
where cd (mg g-1) is the intercept and kd is the intraparticle diffusion rate constant (mg g-1 min-1/2), 
which can be evaluated from the slope of the linear plot of q versus t1/2 as shown in Fig.5. The intercept of 
the plot reflects the boundary layer effect. The larger the intercept, the greater the contribution of the 
surface sorption in the rate controlling step. The parameters of the Weber and Morris model and the 
determination coefficients of plots q = f (t1/2) are listed in Table.1. If the regression of q versus t1/2 is linear 
and passes through the origin, then intraparticle diffusion is the sole rate-limiting step. 
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Fig.5. Plots for evaluating intraparticle diffusion rate constant for sorption of RhB onto CC. 
For the intraparticle diffusion model and as shown in Fig.5 reveals that the sorption of RhB by the CC 
is divided into three stages: (i) the  instantaneous  sorption or external  surface sorption,  (ii) the gradual 
sorption  stage where  intraparticle diffusion  is  the  rate  limiting and (iii) the  final  equilibrium stage 
where intraparticle diffusion  starts  to  slow down due  to  the extremely low sorbate concentrations left 
in the solutions. From the results shown in Fig.5 and Table.1 we observe that: 
The plots are not linear for the entire interval time, indicating that the sorption is affected by several 
processes. The determination coefficients are very good showing that the linearization is the good quality. 
The regression of q versus t1/2 obtained, do not pass through the origin, indicating that the intraparticle 
diffusion is involved in the sorption process but is not the only mechanism limiting the kinetics of 
sorption. It appears that other mechanisms are involved. Overall, the increase of initial concentration 
causes an increase in intraparticle diffusion rate constant. 
Table.1. Parameters of the model of Weber and Morris and determination coefficients for different initial RhB concentrations at 
25°C. 
 
Initial conc. (mg L-1) 
25 50 100 150 200 250 300 350 400 
kd1 (mg g -1min-1) 0.286 0.422 0.705 0.961 1.099 1.077 1.254 0.935 0.931 
cd1(mg g-1) -0.040 0.237 -0.38 -0.837 -0.663 -0.698 -1.264 0.008 -0.382 
r21 0.988 0.996 0.983 0.993 0.995 0.997 0.996 0.992 0.988 
kd2 (mg g -1min-1) 0.120 0.160 0.354 0.521 0.689 0.721 0.843 0.941 0.915 
cd2(mg g-1) 0.793 2.001 1.951 1.835 1.747 2.449 1.947 0.604 0.322 
r22 0.995 0.998 0.994 0.994 0.997 0.991 0.980 0.999 0.998 
kd3 (mg g -1min-1) 0.034 0.077 0.199 0.294 0.408 0.396 0.431 0.746 0.725 
cd3(mg g-1) 1.680 3.090 4.207 5.157 5.484 7.396 8.614 2.575 3.333 
r23 0.983 0.983 0.960 0.995 0.996 0.985 0.991 0.991 0.988 
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In order to corroborate the actual rate controlling steps in RhB sorption on CC, the experimental data 
was further analyzed by the expression of Boyd [7]: 
 
  ൌ െͲǡͶͻ͹͹ ൅ ሺͳ െ 	ሻ         (3) 
where: 
  	 ൌ ͳ െ ଺
஠మ
୆୲                    (4) 
 
   	 ൌ  ୯
୯౛
ൌ  େబିେ
େబିେ౛
                 (5)    
 
where F is the fractional attainment of equilibrium of solute sorbed , at different times t, and Bt is a 
mathematical function of  F, where q and qe are the amount of dye (mg g-1) at time t and at equilibrium, 
respectively. C0: initial concentration of pollutant (mg L-1); C: pollutant concentration in solution at time t 
(mg L-1); Ce: concentration of pollutant at equilibrium (mg L-1). 
If the plot of Bt versus time (having as slope B) is a straight line through the origin, the sorption is 
controlled by intraparticle diffusion, otherwise it is governed by the diffusion in the film (it is limited by 
transport extraparticulaire). 
The values of Bt were calculated from Eq. (3) and plotted against time as shown in Fig.6, the plots are 
linear only in the initial period of sorption (just for few first minutes) and do not pass through the origin, 
indicating that external mass transfer is the rate limiting process in the beginning of sorption.  
 
 
Fig.6. Boyd plots for RhB sorption on CC at 25 °C and different initial RhB. 
3.2.2. Effect on ionic strength 
The effect of salt concentration (ionic strength) on the amount of RhB sorbed by CC was analyzed 
using various concentrations of salt Na2SO4. The results reported in Fig.7 indicated that salt concentration 
has no significant effect on the amount sorbed at equilibrium, regardless of the salt concentration 
(Na2SO4) used.  
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Fig.7. Effect of salt (Na2SO4) concentration on the sorption of RhB by the CC. (C0= 50 mg L-1; sorbent dosage=2 g 
(200 mL)-1; contact time = 8 h; stirring speed = 300 rpm, T = 25 °C). 
3.2.3. Effect of pH 
The effect of solution pH on RhB sorption was studied using 2.0 g of CC, 50 mg L-1 dye initial 
concentration, pH 2±12 at 25 °C, The pH is adjusted by adding Hydrochloric acid (0.1 N) or sodium 
hydroxide (0.1 N), and the results are shown in Fig.8. At pH 2, the sorption is low due to competition 
between H+ ions and molecules of RhB to occupy the sorption sites. At this pH, the surface of sorbent is 
positively charged (pH < pHPZC = 4.1). This leads to electrostatic repulsion between the sorbent surface 
and the RhB cations. 
The maximum equilibrium sorption capacity was obtained at pH 3 (3.15 mg g-1). For pH ranging from 
4 to 8, the amount of RhB sorbed remains almost constant (4.49 and 4.42 mg g-1 at pH 4 to pH 8 
successively). In this pH range, the surface of sorbent is negatively charged (pH> pHPZC) and RhB is in 
the zwitterionic form (pH> pKa with pKa = 3.7). At a pH value higher than 3.7, the zwitterionic form of 
RhB in water (Fig.9) may increase the aggregation of RhB to form a larger molecular form (dimer) and 
become unable to enter into the pore. The greater aggregation of the zwitterionic form is due to the 
attractive electrostatic interactions between the carboxyl and xanthene groups of the monomers [8, 9]. At 
a pH value higher than 9, the amount sorbed decreases from 4.3 at pH 9 to 2.7 mg g-1 at pH 12. In this pH 
range, the surface of CC is negatively charged (pH> pHPZC) and the dominant species of RhB are the 
zwitterionic form and the dimer of the dye. It seems that the repulsion between the negatively charged 
sorbent surface and deprotonated carboxylic acid function of RhB causes a decrease in sorption. 
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Fig.8. Effect of solution pH on the sorption of RhB by the CC. (C0= 50 mg L-1; sorbent dosage =2 g (200 mL)-1; contact time = 8 h; 
stirring speed = 300 rpm, T = 25 °C). 
 
 
 
 
 
 
 
 
Fig.9. The various forms of Rhodamine B. 
3.3. Conclusion  
The results obtained show that cedar cone waste is an efficient sorbent in the removal of RhB from 
aqueous solutions. The amount of dye sorbed was found to vary with contact time. The maximum 
sorption was obtained at pH 3, the ionic strength have no effect on the sorption of dye by CC. Modeling 
of sorption kinetics showed that The plots of intraparticle diffusion model were not linear over the whole 
time range, implying that more than one process affected the sorption. The sorption isotherms of RhB on 
CC showed the shape of type L, which is means that there is no strong competition between the solvent 
and the sorbate to occupy the sorbent sites. 
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